Incubation of mouse thymocytes with mitogenic concentrations of concanavalin A causes a 2-fold increase in cell-surface-associated (but not total cell) sialyltransferase activity (ectosialyltransferase, CMP-N-acetylneuraminate:D-galactosyl-glycoprotein N-acetylneuraminyltransferase, EC 2.4.99.1) as judged by incorporation of ["4C]sialic acid into endogenous cell acceptors and into added desialylated fetuin acceptor. The concanavalin-A-induced enhancement of enzymic activity is essentially complete within 1 hr after addition of mitogen and remains at elevated levels for 12 hr, declining rapidly thereafter. Intact cells labeled previously with ["Clsialic acid and then incubated briefly with hydrolytic enzymes, including neuraminidase and insoluble trypsin, released 43-66% of total cell-associated radioactivity without appreciably changing cell viability. Alterations in sialyltransferase activity due to concanavalin A treatment could not be explained b a mitogen-mediated (a) uptake of radioactive precursors, ( ) cell death, (c) increased product catabolism, or (d) activation of sialyltransferase by mitogen binding to the enzyme. Furthermore, the process does not require active protein synthesis. The results are consistent with a rapid concanavalin-A-induced exposure of potential enzymic activity that was previously inaccessible to substrate. Glycoprotein and glycolipid components of cell plasma membranes that are localized primarily at the cell surface can function as receptors for plant mitogens such as concanavalin A (Con A) and are, in part, responsible for expression of a large variety of surface antigens (for a review see ref. 1).
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The binding of mitogens, such as Con A and phytohemagglutinin, to lymphocytes results in a variety of early biochemical changes, many of which occur at the level of the plasma membrane. For example, human peripheral lymphocytes, within hours after exposure to mitogenic doses of phytohemagglutinin, have increased rates of biosynthetic turnover of cholesterol (2) , total phosphatidylcholine (3), phosphatidylinositol (4) , and glycoproteins (5) . Increased turnover of membrane protein has been reported (6) in rabbit thymocytes exposed to Con A. Interpretation of data of this type is complicated by the fact that the appearance of isotope in cell membrane constituents may be sequential in nature, appearing in plasma membrane fractions at relatively long periods after addition of radioactive precursor (7) (8) (9) , depending upon the labeled precursor used. Even in rapidly growing cell lines, transfer of labeled galactose from the Golgi region into the plasma membrane glycoprotein does not occur until at least 90 min or more after addition of sugar to the medium (8) .
A more direct approach to mitogen-induced alterations of macromolecular components of cell plasma membranes involves assessing the appearance of cell surface markers subAbbreviations: Con the presence of an exogenous acceptor, the assay was carried out as above, except that 250 itg of desialylated fetuin was included in the assay medium. When total enzyme levels were measured, the assay medium contained, in addition to substrate and desialylated fetuin, 0.1% (vol/vol) Triton X-100. In a few experiments cells were assayed after brief sonication. In all experiments assays were carried out in a 370 water bath with occasional shaking. The reaction was terminated after 2 hr, unless otherwise indicated, by addition of 1 ml of 1% phosphotungstic acid (wt/vol)-0.5 M HC1. The acid-insoluble material was collected by centrifugation and processed as described by McLean and Bosmann (18) . After the final residue was dissolved by addition of 0.2 ml of 0.5 M KOH, aliquots were taken for liquid scintillation counting (0.15 ml) and cell protein (15 4ul) determination (19) . Recovery of cell protein for control and Con-A-treated cultures was generally identical. When desialylated fetuin was present, the cell protein values were assumed to be identical to those assay tubes in which desialylated fetuin was not present. Sialyltransferase activities were expressed as cpm incorporated/mg of cell protein per hr after correction for cpm incorporated in the absence of cells, which was essentially identical to the background counting rate. Unless specifically indicated, values obtained in the presence of fetuin acceptor were not corrected for endogenous cell acceptors.
Incorporation of acid-soluble radioactivity was measured by the method of Cunningham and Pardee (20) as modified by Datta (16) .
Incorporation of [3H]thymidine (20 Ci/mmol, New England Nuclear) was assessed by addition of 1.5 ,Ci dissolved in 0.1 ml of complete medium to cultures during the last 24 hr of a 48-hr cubation period. Cells were collected on glass fiber filters (Whatman) and washed successively with 10 ml each of 0.15 M NaCl, 10% (vol/vol) trichloroacetic acid and absolute methanol. Filters were counted for 3H in 10 ml of Aquasol.
Fetuin acceptor was prepared from fetuin (Spiro type, Gibco, Inc.) as described by Kim et al. (21) . Con A, obtained from Miles-Yeda (Kankakee, Ill.), was repurified by affinity chromatography (22) . Vibrio cholerae neuraminidase and a-methyl-D-mannopyranoside (a-MeMan) were purchased from Calbiochem (La Jolla, Calif. ['4C ]NANA incorporation to a value of 1.28 pmol/mg of cell protein per hr. As in the control, the rate of incorporation is approximately linear with time. On the other hand, incorporation of radioactivity into acid-soluble fractions is quite low, as might be expected from the known impermeability of cells to the nucleotide sugar. In any case, there is no detectable response of this parameter to the presence of Con A.
When desialylated fetuin acceptor was included in the assay medium, a similar response was observed, resulting in rates of incorporation equivalent to 1.0 and 2.0 pmol/mg of cell protein per hr for control and Con-A-pretreated cells, respectively (data not shown).
In the above experiments, there was no significant loss of cell viability during the incubation period. The relationship between the Con A concentration used in the 1 hr preincubation period and sialyltransferase levels is depicted in Fig.  2 . The rates of incorporation of radioactivity into both cellular acceptors and fetuin acceptor increase with increasing Con A concentration, reaching a maximum response at 5-10 ,ug/ml. The dose response of enzyme after 1 hr of culture parallels that of the mitogenic response as assessed by cellular incorporation of [3H]thymidine into DNA after 48 hr of culture.
Assay of cells for sialyltransferase activity as a function of preincubation time following the addition of mitogen (Fig.  3) revealed that the magnitude of ,he response to Con A, when compared to that in control cells, reaches a maximum within the first few hours of culture with regard to both incorporation into endogenous acceptors (Fig. 3A) and in the presence of exogenous acceptors (Fig. 3B) . The respective enzymic levels remain relatively constant for 12 and 24 hr. However, Con-A-stimulated cultures did not return to corresponding control levels for as long as 72 hr after initiation of the culture. In contrast, control cultures exhibit a rather gradual decrease in enzymic specific activity.
Since the data were consistent with a possible increased expression of sialyltransferase rather than cell surface acceptors, experiments were designed to determine whether de novo protein synthesis was an obligatory requirement for the observed effect (Table 1) . Cycloheximide, even at a rather high concentration, had only a marginal inhibitory effect on the response of intact cells to Con A. In addition, when the total sialyltransferase levels of control (Con A + aMeMan, a specific inhibitor of Con A binding to cells) and Con-A-treated cells are compared, no appreciable effect of Con A on total cellular enzyme is apparent. Note, however, that prevention of Con A binding by a-MeMan blocks completely the response of enzyme when measured in intact cells.
One possible mechanism by which Con A might affect sialyltransferase activity would involve binding of the mitogen directly to the enzyme. To explore this possibility, sonicates of untreated thymocytes were prepared and the enzymic activity was titrated against increasing concentrations of Con A. The results (not shown) indicated no appreciable effect of Con A on the sialyltransferase activity of cell homogenates at Con A concentrations as high as 50 ,g/ml, despite the fact that Con-A-induced agglutination had taken place.
Additional evidence for incorporation of [14C]NANA into surface receptors was sought, even though this phenomenon has been well documented in other instances (16) (17) (18) 23) . Con-A-pretreated thymocytes were labeled for 3 hr, using conditions similar to those described in Fig. 1 . After labeling, the cells were washed four times with NaN3-containing supernatant fraction was measured and calculation was made of the percent of the total recovered radioactivity released.
As shown in Table 2 , approximately 66% of the total radioactivity was released by neuraminidase, while trypsin liberated as much as 55% of the total radioactivity and Pronase 46%. In the absence of any added enzyme, 23% of the total radioactivity was released.
DISCUSSION
The data presented demonstrate that exposure of mouse thymocytes to a mitogenic concentration of Con A produces an apparent 2-fold enhancement of activity of plasma-membrane-bound sialyltransferase. The effect is expressed regardless of whether enzymic assays are based upon incorporation of radioactivity into endogenous cellular acceptors or into exogenously added fetuin acceptor. Although the data do not rigorously exclude an increased availability of endogenous acceptors, they are more compatible with a Con-Ainduced increase in enzyme availability (or activity) toward its substrates at the cell surface. De of preincubation with Con A, utilizing either endogenous or exogenous acceptors, reveals elevated levels of enzymic activity after 1 hr of contact with mitogen (Fig. 3) . The data strongly indicate that the activation process is essentially completed by the first hour. Support for this is seen by the lack of further increases in precursor incorporation at later periods of culture (Fig. 3) and by the linearity of the kinetics of incorporation of label into acid-insoluble cell acceptors over a 3-hr period after 1 hr of Con A pretreatment (Fig. 1) . Indeed, if the activation process were proceeding during the assay period, a nonlinear acceleration of isotope incorporation might be expected. Several trivial explanations for the observed stimulation of sialyltransferase may be eliminated. The Con A effect cannot be due to an increased rate of transport of substrates or their breakdown products, since (a) no effect of Con A could be demonstrated on incorporation of radioactivity into acidsoluble cell components beyond that observed in control cells (Fig. 1) ; (b) no detectable degradation (as judged by paper chromatography) of CMP-['4C]NANA, a cell-impermeable compound (16, 17) , could be detected under the conditions of assay either with intact or sonicated cell suspensions. Furthermore, free NANA (1 mM), the most probable product of substrate degradation, did not inhibit uptake of label into cell acceptors (unpublished results). In addition, possible Con-A-induced cell damage with release of intracellular enzyme cannot be the basis for the increased enzymic activity, since measurements of cell viability at the end of the assay showed that Con-A-treated thymocytes were essentially as viable (88% viable) as control cells (90% viable). Furthermore, sialyltransferase-mediated incorporation of radioactivity actually decreases as a function of culture time, as does cell viability (Fig. 3) . Finally, the lack of effect of Con A on sialyltransferase of disrupted cell preparations (see below) strongly indicates that maintenance of cell integrity is required.
As pointed out by Hakomori and coworkers (24) , an increase in a surface sialidase could result in an apparent increase in sialyltransferase activity by increasing the availability of acceptors for the transferase. In order to assess this possibility, [14C]NANA labeled fetuin was isolated from cellfree supernatents by Sephadex G-25 chromatography. More than 90% of the acid-insoluble radioactivity in these supernatants is associated with the fetuin-containing fraction. When this fraction was incubated for 3 hr with intact or sonicated thymocytes under the standard conditions of assay, no significant release of radioactive material into the acid-soluble fraction was observed. On the other hand, V. cholerae neuraminidase caused release of 95% of the original fetuinassociated radioactivity (unpublished results).
Con A apparently does not affect enzymic activity by binding directly with the enzyme, since the mitogen had no measurable effect on the sialyltransferase activity of cell sonicates, even at concentrations which clearly caused agglutination (50,g/ml).
The localization of enzyme and its acceptors at the cell surface is a central assumption of this paper. While there is (Table 2) . Neuraminidase released at least 50-70% of the total radioactivity into the cell-free supernatant, values which agree well with the known percentage of neuraminidase-susceptible NANA residues found in murine thymocytes (25) . Proteases, including trypsin covalently attached to Sepharose beads, also released a considerable fraction of the total radioactivity, suggesting that a significant fraction of the incorporated [14C]NANA is associated with surface membrane glycoproteins.
The results obtained are consistent with a Con-A-induced process, not dependent upon de now protein synthesis, which involves the exposure or increased expression of new enzymic activity at the cell perimeter.
At least two mechanisms for the mediation by Con A of the increased expression of enzyme at the cell surface are compatible with the present data. One would envision the binding of Con A to a surface carbohydrate inhibitor of sialyltransferase while the other postulates a Con-A-stimulated transfer of pre-existing intracellular membrane present, e.g., in the Golgi apparatus, into the cell surface membrane. The latter possibility is at least consistent with a number of experimental facts. First, it is known that mitogens cause a considerable increase in phagocytotic and endocytotic uptake (26) which would be expected to lead to loss of cell surface membrane. Since mitogens lead to an ultimate increase in cell volume and therefore membrane surface area, considerable amounts of new membrane might be expected to be incorporated into the existing plasma membrane. Second, shortly after addition of mitogens, there is increased expression or turnover of a large variety of different membrane constituents, including alterations of surface charge (27) , increased transport rates of metabolites (28, 29) , and increases in NA',K+-dependent ATPase activity and ouabain-binding sites (12) , as well as of new Con-A-binding sites (30) . In the last case, existence of "preformed membrane glycan" was proposed to explain the results. All of the above changes in membrane properties occur within the first few hours after exposure to mitogen and most of these proceed independently of de novo protein biosynthesis.
The ability of Con A to increase the expression of glycosylated components at the cell surfaces may be a general phenomenon. In another mammalian cell system, the hamster fibroblast, low concentrations of Con A make certain glycolipids more accessible to attack at the cell surface by galactose oxidase (31) .
